Molecular dynamics simulations and structure-guided mutagenesis provide insight into the architecture of the catalytic core of the ectoine hydroxylase.
Many bacteria amass compatible solutes to fend-off the detrimental effects of high osmolarity on cellular physiology and water content. These solutes also function as stabilizers of macromolecules, a property for which they are referred to as chemical chaperones. The tetrahydropyrimidine ectoine is such a compatible solute and is widely synthesized by members of the Bacteria. Many ectoine producers also synthesize the stress protectant 5-hydroxyectoine from the precursor ectoine, a process that is catalyzed by the ectoine hydroxylase (EctD). The EctD enzyme is a member of the non-heme-containing iron(II) and 2-oxoglutarate-dependent dioxygenase superfamily. A crystal structure of the EctD protein from the moderate halophile Virgibacillus salexigens has previously been reported and revealed the coordination of the iron catalyst, but it lacked the substrate ectoine and the co-substrate 2-oxoglutarate. Here we used this crystal structure as a template to assess the likely positioning of the ectoine and 2-oxoglutarate ligands within the active site by structural comparison, molecular dynamics simulations, and site-directed mutagenesis. Collectively, these approaches suggest the positioning of the iron, ectoine, and 2-oxoglutarate ligands in close proximity to each other and with a spatial orientation that will allow the region-selective and stereo-specific hydroxylation of (4S)-ectoine to (4S,5S)-5-hydroxyectoine. Our study thus provides a view into the catalytic core of the ectoine hydroxylase and suggests an intricate network of interactions between the three ligands and evolutionarily highly conserved residues in members of the EctD protein family.